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Studies on the pathophysiology of the low urine pH in patients ished availability of NH3 in the medullary interstitial
with uric acid stones. compartment. This could be due to a lower rate of ammo-
Background. A very low urine pH is the major risk factor niagenesis or damage to the renal medulla that led to afor uric acid stone formation.
failure to maintain a high concentration of NH3 in thisMethods. A subgroup of patients with a history of uric acid
compartment [2].stones and a persistently low urine pH (5.5 for at least 12
h/day) were selected for detailed study. Based on their relative
H  NH3 ↔ NH4 (Eq. 1)ammonium (NH4 ) and sulfate (SO24 ) excretions, patients were
divided into two groups.
Balance data for both acids and bases should be in-Results. The first group (N  2) excreted 173 and 139%
cluded in the assessment of the need to excrete NH4 .more NH4 than SO24 . Their daily urinary unmeasured anion
excretion was higher than their calculated net diet alkali input Focusing on acid balance, the net dietary non-volatile
(38 and 61 vs. 24 and 49 mEq, respectively). In the second acid load will be revealed by measuring the rates of
group (N  12), NH4 excretion was 69  5% that of SO24 . excretion of sulfate (SO24 ) and phosphate in steady stateIn 2 of 12, decreased renal ammoniagenesis was suspected due
[3], but only the former needs NH4 excretion to elimi-to a plasma potassium of 5.3 mmol/L and/or a lower GFR (65
nate its H load [4]. With respect to base balance, twoand 59 L/day); these patients had an extremely low citrate
excretion (3 and 1 mEq/day). In contrast, citrate excretion was steps act in concert to remove alkali for the most part
not low in the remaining 10 patients (10.4  1.3 mEq/day). [5, 6]. First, there is net production of organic acids
Conclusions. Patients in group 1 needed a higher NH4 ex- stimulated by the alkali load; second, their conjugate
cretion possibly because of a H load from excessive renal
bases (organic anions, of which citrate is an importantexcretion of organic anions. We speculate that an alkaline
constituent) must be excreted to prevent future metabo-proximal tubular cell pH could be the basis for the low NH4
and high citrate excretions in 10 of 12 patients in group 2. lism to neutral end-products (Fig. 1) [7]. The net result
Dietary factors and/or a molecular lesion may contribute to is that the H so-produced titrate the majority of the
their pathophysiology. daily alkali load. Because the urinary excretion of these
organic anions represents the loss of potential bicarbon-
ate (HCO3 ), one should also consider the net alkali gainA low urine pH is the most important factor leading from diet and the rate of excretion of organic anions in
to uric acid crystallization [1]. A larger proportion of the urine when assessing the requirement for the excre-
ammonium (NH4 ) will be excreted in the urine when tion of NH4 .the urine pH is low providing that the entry of ammonia The results indicated that 14 of 21 patients with a
(NH3) into the collecting duct is not the rate-limiting history of uric acid stones, normal plasma and total urine
step [2]. There are two groups of causes for a low urine urates, and the absence of a major defect in concentra-
pH (equation 1). First, there might be a higher rate of tion of the urine, had a urine pH that was less than 5.5
distal H secretion leading to a high NH4 excretion rate. for at least 12 of 24 hours per day. The pathophysiology
The stimulus could be an enhanced net acid production of their persistently low urine pH was heterogeneous.
rate. Second, the low urine pH might be due to a dimin- In 2 of 14 patients, this low urine pH could be due to
an enhanced distal H secretion because they had a
higher rate of excretion of NH4 than SO24 . The sourceKey words: ammonium, citrate, kidney stones, organic anions, proximal
tubule cell pH, crystallization, acid-base balance. of this H load could have been a higher urinary excre-
tion of unmeasured anions than their calculated alkaliReceived for publication July 24, 2001
gain from diet. In the remaining 12 of 14 patients, theand in revised form October 5, 2001
Accepted for publication October 8, 2001 excretion of NH4 was 69  5% of SO24 excretion. Their
pathophysiology seemed to be a decreased availability 2002 by the International Society of Nephrology
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Fig. 1. The elimination of exogenous alkali.
The diet provides a net load of potential
HCO3 in the form of organic anions (OA)
(shown on the left). After their metabolism
to neutral end-products, HCO3 is formed.
These HCO3 are eliminated as CO2  H2O
by reacting with endogenously produced H
[made from neutral precursors (No)]. The met-
abolic process is completed by the renal excre-
tion of these OA with K.
of NH3 in the medullary interstitium. In 2 of 12 subjects, vent uric acid precipitation and the preservative, thymol,
the rate of excretion of citrate was low (3 and 1 mEq/24 was added to the other. Completeness of each collection
h) and renal ammoniagenesis could have been inhibited was assessed by the rate of excretion of creatinine [8].
secondary to a high plasma potassium (K) concentra-
Measurementstion and/or a lower glomerular filtration rate (GFR). In
the other 10 of 12 patients in this group, we speculated Urine pH was measured with a pH meter (Corning
that an alkaline proximal cell could be the basis of their 178 blood pH analyzer; Corning Glass Works, Corning,
low rate of excretion of NH4 because their rate of excre- NY, USA). Sodium (Na), potassium (K), chloride
tion of citrate was not low in absolute terms and/or as (Cl), HCO3 , calcium (Ca2), magnesium (Mg2), SO24 ,
a percentage of the total urinary unmeasured (organic) NH4 and creatinine were measured as previously de-
anions. scribed [9]. Citrate was measured enzymatically with ci-
trate lyase [10]. Urine titratable acid was measured by
titrating the urine from its pH to pH of 7.4 using potas-METHODS
sium hydroxide as previously described [9].
The Ethics Committee at St. Michael’s Hospital ap-
proved the study protocol. Patients (N  21) with a Calculations
history of uric acid stones were recruited from our Stone
Diet net alkali. A modification of the calculation ofPrevention Clinic; stone analysis was performed by X-ray
Oh and Carroll [11, 12] was used. The rationale for thediffraction crystallography. Patients were included only
calculation is as follows. There are two sources of dietaryif greater than 90% of the stone consisted of uric acid.
K; K from intracellular fluid (muscle) is largely bal-Exclusion criteria included a history of gout, hyperurico-
anced by organic monovalent phosphate that representssuria, or chronic diarrhea. Because 14 of the 21 patients
a variety of macromolecular intracellular anions (RNA,had urine pH of 5.5 or less during 12 of 24 hours of the day,
DNA, phospholipids, etc.) [4]. The remainder of dietarythey were selected as the study group. The other seven
K is derived primarily from fruit and vegetables wherewere excluded because of incomplete collections (N 1),
organic anions (potential HCO3 ) should be the mosthyperuricosuria (N  1), use of chemotherapeutic drugs
common accompanying anion [4]. Therefore, in steadyat the time of study (N 1), and a urine pH that exceeded
state, K excreted in excess of H2PO4 likely reflects K5.5 for more than 12 hours of the day (N  4).
that entered the body predominantly with a potentialData were collected from 28 normal volunteers and
HCO3 precursor. Similarly, Na that is excreted in ex-the patients while they consumed their usual diet. The
cess of Cl entered the body with an anion that couldintake of sodium bicarbonate or potassium citrate was
be an alkali source. To complete this analysis, we alsodiscontinued in the patients for one week prior to investi-
included the number of mEq of urinary Ca2 and Mg2gations. Urine was collected over 24 hours by voluntary
in the calculation. Therefore the potential alkali load ofvoiding approximately every two hours (q2h) while awake
the diet was calculated as the sum of excretion of urinaryplus an overnight collection. The time and volume of
cations (Na  K  Ca2 Mg2) minus the excretionvoiding were recorded. Each urine was divided into two
portions; sodium carbonate was added to one to pre- of urinary anions (Cl  H2PO4 ), all in mEq terms.
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Table 1. Urine parameters in normal volunteers
NH1 SO24 CitrateVolume Urea Creatinine NH4 /SO24 pH 5.5
Group N L/24 h mEq/day g N/day g/day % h/day
Males 14 1.10.09 283.4 365.0 8.51.2 12.30.9 1.90.13 9110 6.21.2
Females 14 1.50.12 273.0 263.0 9.11.0 8.50.6 1.20.05 11014 7.41.3
Overall 28 1.30.08 282.2 313.0 8.80.8 10.40.6 1.50.09 10411 6.80.9
Results are reported as the mean  SEM.
Table 2. Characteristics in patients with a persistently low urine pH
Age years Urine pH
Plasma urate Urine total urate Uosm maximum
Study Presentation BMI mg/dL mg/day Duration (h)  5.5 Peak urine pH (h) mOsm/kg H2O
F-1 62 60 32.1 4.8 616 22.0 5.9 (1.5) 615
F-2 47 35 39.0 4.3 483 18.5 5.9 (1.5) 974
F-3 54 27 42.8 6.3 600 16.5 6.1 (1.5) 816
F-4 64 47 35.3 4.3 600 21.7 5.9 (2.3) 702
F-5 55 53 32.1 5.3 567 16.0 6.6 (2.0) 803
F-6a 77 75 24.8 6.0 483 24.0 5.2 (5.0) 662
M-1 72 58 27.2 6.0 583 24.0 5.3 (2.0) 1058
M-2 54 42 31.5 4.6 750 20.5 6.0 (3.5) 935
M-3 62 45 30.1 7.4 733 17.0 5.6 (7.0) 858
M-4 64 57 30.4 7.7 833 20.0 6.3 (2.0) 763
M-5 61 22 26.7 6.4 633 24.0 5.4 (2.0) 667
M-6 54 51 35.1 5.2 583 15.0 6.5 (1.1) 868
M-7 46 57 33.7 5.1 600 20.7 5.6 (1.3) 598
M-8a 65 59 27.8 5.9 625 20.1 5.7 (1.9) 690
Fourteen patients had a urine pH 5.5 or lower for at least 12 hours per day. The gender of the patients is depicted by M (male) or F (female) and the order of
patients is based on their rate of excretion of citrate (see Table 5). The age when uric acid stones were first identified is shown under the column heading of
‘presentation’; hyperuricosuria was considered as a total urate excretion 850 mg/day.
a Patients with hyperkalemia and a low GFR
Urinary unmeasured anions. These were calculated as diffraction crystallography were recruited for the study.
the difference between the excretion of all the measured Characteristics of 14 of the 21 who had urine pH values
major urinary cations (Na K NH4  Ca2, Mg2) that were 5.5 or lower at least 12 hours per day are
and the major measured urinary anions (Cl  H2PO4  described in Table 2. None had hyperuricemia, hyperuri-
SO24 ), all in mEq terms. cosuria, or a major defect in urine concentrating ability
(Tables 2 and 3). To determine the pathophysiology of
Statistical analysis their prolonged and low urine pH, parameters of acid and
Data for each patient are reported. When data base balance in the urine were examined (Tables 4 and
from patients are grouped, the data are reported as 5). Patients were separated into two groups based on their
mean  SEM. rate of excretion of NH4 relative to that of SO24 .
Group 1: High NH4 to SO24 excretionRESULTS
Two patients in this group had a higher rate of excre-Fourteen male and 14 female normal subjects col-
tion of NH4 than SO24 (173 and 139%; Table 5). Theylected their urine q2h while awake plus an overnight
also had a higher rate of excretion of unmeasured anionssample. Their urine pH was 5.5 or lower for close to 7
in the urine (38 and 61 mEq/day) than that of net alkaliof 24 hours. The rate of excretion of NH4 was close to
gain from the diet (24 and 49 mEq/day, respectively).28 mEq/day and was equal in males and females. The
excretion of SO24 was somewhat higher in males, proba- Group 2: Lower NH4 to SO24 excretionbly reflecting their higher protein intake as judged by
In two patients (F-6 and M-8), the persistently lowtheir higher rates of excretion of urea (12.3 0.9 vs. 8.5
urine pH might have been due to low availability of NH30.6 g nitrogen/day). There was little difference in their
in the renal medullary interstitial compartment sincecitrate excretion rates (Table 1). The NH4 excretion was
both had a high plasma K concentration (5.3 mmol/L;virtually equal to their rate of excretion of SO24 .
Table 3) and/or a low GFR (59 and 65 L/day; TableTwenty-one patients with a history of recurrent uric
acid stones documented with stone analysis by X-ray 4) as calculated by endogenous creatinine clearance. In
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Table 3. Plasma values in the 14 patients patients at risk of uric acid precipitation. Therefore, urine
was collected q2h while the patient was awake plus anNa K Cl HCO3 BUN CreatinineAnion gap
overnight collection to permit undisturbed sleep in ourmmol/L mEq/L mg/dL
study. Our analysis was restricted to a subgroup of those
Group 1: High NH4 to SO24 excretions who had a urine pH of 5.5 or less for at least 12 hoursM-6 141 4.1 103 29 9 14 1.1
M-7 141 4.6 99 30 12 13 1.1 per day. Clearly, the selection of any urine pH value and
Group 2: Lower NH4 to SO24 excretions its duration are arbitrary choices. We emphasize that
F-1 137 4.5 100 25 12 17 1.0
our selection criteria do not represent an absolute cutF-2 143 3.4 108 25 10 10 0.7
F-3 142 4.3 107 28 7 19 0.8 off value. Rather, we used these criteria to identify pa-
M-1 140 4.4 105 26 9 23 1.1 tients that are more likely to represent prototypes of
F-4 135 4.3 100 27 8 15 0.9
possible molecular or acquired lesions.M-2 140 4.3 102 28 10 10 1.2
M-3 142 4.1 105 26 11 20 1.2 A low urine pH will permit a larger proportion of the
M-4 142 4.4 108 24 10 23 1.4 NH4 produced daily in the proximal convoluted tubuleF-5 141 4.1 102 27 11 16 0.9
(PCT) to be excreted in the urine if the permeability ofM-5 142 4.7 107 25 10 25 0.9
M-8 138 5.3 103 22 13 27 1.7 the distal nephron to NH3 is not a rate-limiting step [2].
F-6 139 5.3 102 29 8 27 1.3 The pathophysiology of the low urine pH in uric acid
Details are in the text and legend to Table 2. Patients were divided into 2 stone formers is unknown. From equation 1, one sub-
groups based on their NH4 and SO24 excretion rates. In two patients (F-6, M-8),
group of patients could have an enhanced distal H se-the low rate of NH4 excretion and the persistently low urine pH may be due
to a high plasma K concentration and/or a lower GFR. cretion to achieve a higher rate of NH4 excretion to
maintain acid-base balance, while a second subgroup
could have a diminished availability of NH3 in the medul-
lary interstitial compartment. They should have a rela-addition, these patients had the lowest daily excretion
tively low rate of NH4 excretion because titratable acidof citrate (1 and 3 mEq/day), unmeasured anions (15
is somewhat higher due to the low urine pH.and 20 mEq/day) and citrate as a % excretion of total
The data in the literature on the rate of NH4 excretionunmeasured anions (Table 5). In contrast, the remaining
in uric acid stone formers are conflicting. Henneman,10 patients had a 65  5% lower rate of excretion of
Wallach and Dempsey [14] and Rapaport et al [15] docu-NH4 than SO24 and a persistently low urine pH in the
mented lower daily NH4 excretion rates when patientsabsence of hyperkalemia or a low GFR (Tables 3 and
were fed a neutral ash diet. On the other hand, Metcalf-4). Their rate of excretion of citrate was not low (10.4 
Gibson et al [16] and Barzel et al [17] did not find a1.3 mEq/day). Of note, citrate accounted for 29  3%
reduced NH4 excretion in their patients. Our analysisof the rate of excretion of organic anions (Table 5). In
of the rate of NH4 excretion differs from previous studiesone patient (F-2), the plasma K concentration was 3.4
and has three components: (1) the rate of dietary non-mmol/L on the day of the urine collection. Hypokalemia
volatile acid production (SO24 excretion); (2) the netwas not noted on subsequent plasma K concentration
dietary intake of alkali; and (3) the rate of excretion ofwith a mean value of 3.9 0.2 on five separate occasions.
potential HCO3 (urinary unmeasured anions) [5, 6]. In
this way, we included both acid balance (rate of excretion
DISCUSSION of NH4 vs. SO24 ) and base balance [6]. It is important to
include base balance in this analysis because metabolismThe critical role of the urine pH for uric acid precipita-
tion is obvious when three facts are considered [13]. of a typical Western diet produces a net alkali ash (oxida-
tion of K salts of organic acids in fruits and vegetablesFirst, the pK of uric acid is 5.35 at 37C [13]. Second,
the solubility product constant (Ksp) of uric acid is ap- for the most part) [3]. Excretion of unmeasured (organic)
anions rather than HCO3 is the major way to dispose ofproximately 96 mg/L. Third, saturation of the urine with
uric acid can occur up to a concentration of approxi- dietary alkali (Fig. 1) [5, 6]. A potential error in assessing
base balance is that one cannot be certain that all themately 180 mg/L. Quantitatively, if the 24-hour urine pH
value was 5.3 and the total urate excretion was 800 mg/ dietary and urinary unmeasured anions represent potential
HCO3 . Nevertheless, from studies in rats given NH4Clday, precipitation of uric acid would likely occur with a
daily urine volume that is as high as two liters. Data supplements, HCO3 appears to represent the end-product
of metabolism of the vast majority of dietary unmeasuredfrom the University of Chicago kidney stone clinic re-
vealed that while total urate excretion was not different anions [6].
Dietary organic phosphates are predominantly mo-in 62 uric acid stone formers and normal control subjects,
their average 24-hour urine pH value was significantly novalent di-esters ingested as their K salts (DNA,
RNA, phospholipids); their oxidation yields K H lower (5.41  0.47 vs. 6.06  0.47) [1]. Because of the
mixing of individual urine samples with a high and low HPO24 [4]. Providing that the urine pH is considerably
less than 6.8 [18], the kidney excretes H  HPO24 aspH, a 24-hour urine collection could fail to reveal all
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Table 4. Values in a 24-hour urine
Na Cl K
Volume Urea nitrogen Creatinine Creatinine clearance
L/day g/day mmol/day g/day L/day
Group 1: High NH4 to SO24 excretions
M-6 2.6 8.8 150 154 44 1.6 148
M-7 2.4 11.7 149 136 58 1.8 168
Group 2: Lower NH4 to SO24 excretions
F-1 3.0 8.2 138 166 83 1.5 158
F-2 2.5 15.4 267 266 82 1.1 156
F-3 2.6 18.1 287 256 62 2.0 232
M-1 0.8 10.5 123 129 71 1.8 170
F-4 1.7 11.4 99 93 61 0.9 89
M-2 3.8 14.3 277 276 73 2.1 168
M-3 1.7 18.5 245 248 98 2.1 168
M-4 1.7 14.1 193 205 79 2.2 153
F-5 1.4 14.6 186 169 57 1.7 188
M-5 1.9 11.3 166 166 55 1.6 160
M-8 1.7 10.3 107 118 53 1.1 65
F-6 1.5 7.2 123 124 32 0.8 59
Details are in the text and legend to Tables 2 and 3.
Table 5. 24-Hour urinary parameters of acid-base balance in patients with a very low urine pH
SO24 NH4 TA NAE Net diet alkali UUANH4 /SO24 UUA/net diet Citrate Citrate as a
mEq/day % mEq/day alkali % mEq/day % of UUA
Group 1: High NH4 to SO24 excretions
M-6 26 45 173 39 84 24 38 158 9 24
M-7 31 43 139 33 76 49 61 124 7 12
Group 2: Lower NH4 to SO24 excretions
F-1 39 26 67 47 73 59 48 81 17 35
F-2 51 48 94 64 112 51 47 92 16 34
F-3 66 39 60 56 95 72 45 62 14 31
M-1 40 23 57 43 66 52 23 43 11 48
F-4 40 17 42 38 55 51 28 55 10 36
M-2 50 43 86 38 81 49 42 86 10 24
M-3 57 28 49 61 89 64 35 54 8 23
M-4 41 22 54 39 61 52 27 52 6 22
F-5 57 34 60 30 64 55 33 60 6 18
M-5 32 25 78 33 58 38 32 84 6 19
M-8 33 32 97 25 57 20 20 100 3 15
F-6 24 19 79 24 43 21 15 71 1 7
Details are in the text. NAE was calculated as NH4  TAHCO3 . Net diet alkali and unmeasured anions were calculated as in the Methods section. Abbreviations
are: TA, titratable acid excretion; NAE, net acid excretion; UUA, urinary unmeasured anions.
H2PO4 (along with K). Hence, there is no acid-base chronic metabolic acidosis with normal renal function
where augmented production of NH4 is the primaryimpact of this metabolic process of phosphate turnover
and it does not have an important impact on achieving process that leads to a high rate of excretion of NH4
because now the urine pH is close to 6.0 [reviewed ina urine pH in the low 5 range. On the other hand, the
portion of K excretion that exceeds the rate of excretion 20]. On the other hand, if there is a low rate of ammo-
niagenesis that causes a low medullary interstitial NH3,of H2PO4 primarily reflects K in the diet that could be
accompanied by anions that had the potential of being the usual distal H secretion rate will cause a low urine
pH because of a lower number of luminal H acceptorsconverted into HCO3 . These observations notwithstand-
ing, because of the low urine pH in these patients, titrat- (NH3). Alternatively, the need for a higher rate of excre-
tion of NH4 that is not accompanied by an augmentedable acid excretion would be higher than phosphate ex-
cretion because other components in the urine (such NH4 production might cause a higher rate of distal H
secretion and thereby, a lower luminal fluid pH to excreteas, creatinine) would be titrated at these low urine pH
values. a larger fraction of the NH4 produced in the PCT.
The low urine pH in the two patients in group 1 seemedApproximately 1/3 of the renal production of NH4 is
typically excreted in the urine, and this portion rises to to be due to an enhanced distal H secretion because
they had a higher rate of excretion of NH4 relative to2/3 when the urine pH is low [19]. This is different from
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SO24 , and a higher rate of excretion of urine unmeasured 4.0. Second, it was suggested that the putative lesion in
isolated proximal renal tubular acidosis (RTA) was aanions as compared to the calculated net alkali gain
from the diet. One possible explanation for these findings more alkaline PCT cell pH [22]. A specific molecular
lesion that could lead to a more alkaline pH of PCT cellswould be a lesion that caused a diminished rate of reab-
sorption of organic anions leading to the loss of potential is a defect in their Na(HCO3)23 exit step [24]. In this
regard, Brenes and coworkers [25, 26] observed that theHCO3 in the urine. To maintain acid-base balance with
a small increase in net H production, they appeared to urine pH was low and citrate excretion was high in pa-
tients with isolated proximal RTA (abstract; Donnelly S,utilize an enhanced transfer of NH3 from the medullary
interstitial compartment of the collecting duct rather et al, J Am Soc Nephrol 2:279, 1991). Moreover, mutations
in the Na(HCO3)23 cotransporter have been describedthan an augmented NH4 production in the PCT to
achieve this small increase in the excretion of NH4 . in patients with proximal RTA [28, 29]. Because our
patients did not have a low plasma HCO3 concentrationPerhaps the failure to increase the rate of ammoniagene-
sis was due to an intermittent H versus HCO3 load (Table 2), their presumptive lesion might have caused a
small enough rise in PCT cell pH to produce a smallthroughout the 24-hour period. It remains to be seen
whether these two patients could mount the usual high diminution in the rate of ammoniagenesis and increase
in the rate of citrate excretion, yet not compromise therate of ammoniagenesis when given a much larger and
chronic acid load. Given their tendency for uric acid activity of the luminal Na/H antiporter (NHE-3) suf-
ficiently to cause overt proximal RTA.stone formation, these additional studies were not car-
ried out. Hypokalemia (plasma K concentration equals 3.4
mmol/L) was present in one patient (F-2) on the day ofIn 12 patients the low urine pH seemed to be due to
low availability of NH3 in the medullary interstitium, as urine collection. If hypokalemia augmented renal ammo-
niagenesis, she should have had a higher NH3 concentra-suggested by their low urinary NH4 /SO24 ratio (Table
4). A high plasma K concentration and/or a significantly tion in her renal medullary interstitial compartment. A
higher NH3 should have raised her urine pH (equationlow GFR [21] might have limited production of NH4 in
the PCT in two patients (F-6 and M-8, Tables 3 and 4). 1), but it was less than 5.5 for 18.5 of 24 hours (Table
2). Thus, her persistently low urine pH may reflect aIn the remaining 10 patients in this subgroup, there was
no evidence of conditions that may be associated with lesion that decreased the availability of NH3 in the renal
medullary interstitial compartment. Nevertheless, hypo-a low rate of production of NH4 in the PCT, including
malnutrition (low availability of glutamine) and/or an kalemia could be a partial explanation for her relatively
high rate of excretion of NH4 as compared to that ofincreased availability of alternate fuels (ketoacids, free-
fatty acids as in patients on total parental nutrition) that SO24 (94%; Table 5). We emphasize that hypokalemia
was not present on subsequent plasma determinationsmay compete with glutamine to regenerate ATP and
NH4 in the PCT [21]. Moreover, citrate excretion was (3.9  0.2 mmol/L on 5 separate occasions).
high both in absolute terms and as a % of total urine
Concluding remarksunmeasured (organic) anions (Table 5). The absence
of a major defect in their urine concentrating ability Data are reported from 14 patients with uric acid
stones and a persistently low urine pH. The pathophysi-(maximum urine osmolality; Table 1) indicated the ab-
sence of significant interstitial medullary disease. In the ology of their low urine pH was heterogeneous. Two
patients had a persistently low urine pH and a relativelyabsence of conditions limiting NH4 transport in the PCT,
it is possible that the limited ammoniagenesis was due high rate of excretion of NH4 . Their lesion could be a
small additional daily net H load due to a diminishedto a raised intracellular pH in PCT cells [22].
We envision two reasons for a more alkaline pH in renal reabsorption of organic anions (higher renal excre-
tion of potential HCO3 ). Two patients had a low urinePCT cells. First, the diet could supply a relatively larger
daily alkali than acid load (SO24 ) (Table 3). This rela- pH and a low rate of NH4 excretion that could be due
to an elevated plasma K concentration and/or a lowtively high intake of alkali might have caused a somewhat
more alkaline PCT cell pH that diminished ammoniagen- GFR; a very low citrate excretion rate helped character-
ize the basis for their lesion. In the 10 remaining patients,esis and augmented the excretion of unmeasured (or-
ganic) anions including citrate. In this case, the persis- there was a low urine pH and a relatively low rate of
excretion of NH4 in the absence of a low rate of excretiontently low urine pH would reflect a greater reduction in
the availability of luminal H acceptors (NH3) than in of citrate. We raised the possibility that their lesion is
due to a somewhat more alkaline PCT cell pH.distal H secretion. In fact, distal H secretion does
continue to be present when subjects ingest an alkali
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